This paper aims to investigate whether structural shocks among ASEAN countries are becoming more symmetrical over time, thus indicating whether this region is becoming better prepared to introduce a common monetary policy. For that purpose a dynamic space-state model that complements the conventional Structural VAR models used in the existing literature was estimated by using the Kalman filter so that the evolution of the degree of shock symmetry and, therefore, the evolution in the degree of convergence could be identified over time, distinguishing between a country's convergence with a regional partner and a more general trend of convergence with the rest of the world.
Introduction
The political desire for closer economic and monetary cooperation in the Association of Southeast Asian Nations, (ASEAN) has increased in recent years, especially since the 1997-1998 Asian financial crisis and the successful launch of the Euro in 1999 1 . A considerable number of studies have since emerged to study the feasibility of a common currency arrangement not only for ASEAN but also for the whole of East Asia using the Structural VAR (SVAR) approach pioneered by Bayoumi and Eichengreen (1993) , which has since become the standard approach to study the asymmetry of shocks amongst any group of countries 2 . Bayoumi and Eichengreen (1994) were the first to apply this method in a study that included a number of Asian countries. Using a two variable SVAR, they identified both a Northeast Asian bloc comprising Japan, Taiwan and Korea and a Southeast Asian bloc comprising Hong Kong, Singapore, Malaysia, Indonesia, and possibly Thailand as having highly correlated shocks. Bayoumi, Eichengreen and Mauro (2000) , Yuen (2000) and Bayoumi and Mauro (2001) have updated the analysis in Bayoumi and Eichengreen (1994) and focusing on supply shocks, once again found evidence of the existence of a core, comprising Malaysia, Indonesia and Singapore and a periphery composed of the Philippines and Thailand 3 .
Recently, the empirical analysis has moved to the estimation of three-variable SVARs.
Ng (2002) developed a three-variable structural VAR, which allows for the determination of external, demand and supply shocks and found evidence of the existence of the same core and periphery countries as those found in the two-variable SVAR models. Zhang, Sato and McAleer (2004) apply the three variable VAR model developed by Clarida and Gali (1994) , which allows for the distinction of supply, monetary and real (or demand) shocks. Their results are in line with those of Yuen (2000) and show that for the period of 1980-1997 only Malaysia and Singapore, and Malaysia and Indonesia experience significant positive correlation of supply shocks.
At this point several conclusions can be made. The existing empirical literature seems to agree that if not all of ASEAN5 (or East Asia), at least a sub-group appears to be a feasible monetary union even if it does not fare as well when comparing with the EU countries before the introduction of the euro 4 . Several studies point to the existence of a core and periphery but do not seem to agree on which ASEAN countries comprise each group. Furthermore, the Structural VAR analysis used in most of the previous studies, even if very informative is static in nature and therefore, does not allow for the assessment of the possibility of changing relationships in the symmetry of shocks over the years 5 . This is especially relevant in the recent past, as some studies suggest that the Asian financial crisis seems to have improved the symmetry of shocks in the ASEAN economies.
The main purpose of this paper is to fill this gap by applying a dynamic analysis of the symmetry of the shocks in ASEAN in the context of a state-space model that complements the SVAR analytic framework. This analysis, based on a model first applied by Boone (1997) , allows for the study of the evolution of the degree of symmetry of shocks over time, distinguishing a country's convergence with a regional partner from a more general trend of convergence with the rest of the world.
The paper is organised as follows. The next section will explain the empirical methodology. Section 3 presents the data and empirical results and the last section concludes the paper.
Empirical Methodology
In order to assess whether or not ASEAN countries are converging and therefore better fulfilling the optimum currency area criteria, a state-space model developed by Boone (1997) is applied 6 . 4 Most studies seem to agree that the whole of East Asia is not well positioned for a monetary union, especially when comparing with the European countries before the launch of the euro (e.g., Bayoumi, Eichengreen and Mauro, 2000 , Bayoumi and Mauro, 2001 , Chow and Kim, 2003 . However, there are also those who support the opposite view (e.g. Brito, 2004) . 5 Some dynamics could be created by dividing the sample into sub-periods. Even then, however, the study of temporal relationships in shocks would be very limited. 6 Also known as the structural time-series approach. Ramos, Clar and Surinach (2003) , Babestkii, Boone and Maurel (2004) , Zhang and Sato (2005) are recent examples of studies applying this type of method. Haldane and Hall (1991) were the first to use this kind of model to measure to the dynamic linkages of the British pound with the US dollar and the Deutschmark for the period between 1976 and 1989.
The estimated (measurement or signal) equation is defined as:
where ε represents the structural shocks, estimated by applying the trivariate SVAR model developed by Clarida and Gali (1994) , which allows for estimation of the series of supply, demand (or IS) and monetary (or LM) shocks. The model, which is a stochastic version of the Mundell-Fleming-Dornbush model, is formally presented in Appendix A 7 .
Superscripts i and j denote ASEAN country i and j, and k denotes the rest of the world, here proxied by the USA, and t ω is an independent, normally distributed error term with zero mean and a constant variance H. α t and β t are time-varying coefficients defined in matrix form as (state or transition equations):
where ) , (
, which are random error terms with zero mean and variance/covariance matrix Q.
The time-varying coefficients in (2) are estimated by using the Kalman filter and describe the dynamics of the system 8 . α t is expected to tend towards zero in the long-run as the variables considered here are expected to be white noise 9 . β t is the important coefficient and measures the temporal relationship in structural shocks among countries i, j and k.
Countries i and j will be converging if β tends toward zero, with the opposite being true when β tends towards one 10 .
7 Nikolakaki (1997) and more recently Brito (2004) extended Clarida and Gali (1994) 's analysis. The latter, extends the model to encompass the Balassa-Samuelson-effect that contradicts Clarida and Gali (1994) 's predictions that positive supply shocks induce disinflation and real depreciation. 8 The Kalman Filter is a tool that enables the estimation of the state variables and the parameters in a timevarying parameter model using maximum likelihood. For an explanation of the Kalman filter applied to the estimation of time-varying parameters, see for example Boone (1997 Boone ( , 2000 . 9 The time-varying parameter α is not crucial to this model. Ramos, Car and Surinach (2003) apply a version of this model where α is dropped from (2). In this paper, parameter α is included as it provides information on the robustness of the results, given that in a well constructed model α should quickly tend towards zero. 10 Babestskii, Boone and Maurel (2004) for the estimation of these variables is the ratio of the variance of the transition to the measurement equation residuals, known as the "signal-to-noise ratio" (Q/H). The higher the signal-to-noise ratio, the more explanatory power is given to the unobserved variables, and the better the fit of the measurement equation. As pointed out by Gordon (1997) and Boone (2000) , if no limit is placed on the value of Q (i.e., if it is very large), the unobserved variable will soak up all the residual variation in the measurement equation. Alternatively, if Q is zero (or very small), then the time-varying coefficient will be estimated as a constant.
There appears to be no set rule in fixing the signal-to-noise ratio and the common practice seems to be that the Q/H ratio is fixed "so that the estimated unobserved variable is relatively smooth, with fluctuations which are judged to be reasonable from one period to another" 11 . For the purposes of this study the value of Q was set at a relatively small level (0.1), as large variations of the unobserved variable from one year to the next seem unlikely.
Furthermore, the size of the variance of the residuals of the measurement equation was set at a larger value (1) so that the Q/H is fixed at about 0.1, which allows for some dynamics to emerge but avoids sharp period-to-period zigzags 12 .
Data and Results
The data on both real Gross Domestic Product (GDP) and Consumer Price Index (CPI) 13 The original purpose of this study was to include all ten ASEAN members. A closer look at the available data, however, indicated that such a task was extremely difficult as the data available for some of the smaller members of the ASEAN countries proved to be quite limited. Therefore, the analysis shall be reduced to the five founding members (ASEAN5): Philippines, Malaysia, Indonesia, Singapore and Thailand. 14 The REER time series were not available for all countries in the analysis. In fact, and perhaps surprisingly, the IMF's International Financial Statistics do not provide data for Indonesia and Thailand. 15 As the main objective of the estimation of this model is to generate the structural shocks, a cointegration analysis of the VARs was not conducted here. 16 Even though this strategy can be seen as questionable, the inclusion of this period is known to inflate the results (see for example Zhang, Sato and McAleer, 2004) . When the Structural VAR was estimated for the whole sample period , the Jarque-Bera normality tests on the residuals clearly suggested the presence of a structural break in the data. 17 The exception was the data on the USA consumer price index which was only found to be stationary at the 10% level. However, even in this case the VAR system proved to be stable. 18 The VARs proved to be stable as the inverse roots of the characteristic AR polynomial test showed that all roots had modulus less than one and thus lay inside the unit circle.
Correlation of Shocks
The trivariate Structural VAR model allows for the determination of the correlation of the three separate types of shocks. The correlation coefficients of Monetary (or LM), Demand (or IS) and Supply shocks among ASEAN5 members and the USA, used as a proxy for global shocks, are presented in Table 1 . Notes: Significance levels are assessed using Fisher's variance stabilizing transformation. For an explanation see for example Zhang, Sato and McAleer (2004) . * = Positive correlation coefficient at the 5% level.
An analysis of Table 1 
Size and Speed of Adjustment of Shocks
Countries are better candidates for a currency union if their disturbances are correlated and small, and adjustment to them is rapid. This is especially true concerning aggregate supply shocks as they are more relevant than both demand and monetary shocks when assessing the feasibility of a monetary union. As pointed out by Bayoumi and Mauro (2001) , supply shocks are closely linked to underlying private sector behaviour and therefore are not likely to be related to macroeconomic policies. Conversely, Monetary and Demand shocks are easier to tame through the implementation of common demand policies which are likely to be implemented if further monetary cooperation in ASEAN is attempted.
Since the estimated structural shocks are assumed to have unit variances, their size and adjustment speed cannot be inferred by analysing the identified disturbances recovered from the VAR estimation. They can, however, be determined by analysing the associated impulse response functions. Since supply shocks are the only ones with permanent effects on output, the size of supply shocks is measured as the long-run effect (12-year horizon) of a unit shock on changes in real GDP. The size of demand shocks is measured as the sum of its 1-year impact on the changes of real GDP and price level (Bayoumi and Eichengreen, 1994) , and the size of monetary shocks is measured as its 1-year impact on the changes of the real effective exchange rates (Brito, 2004) .
The speed of adjustment to shocks is defined in this study as the proportion of the long run adjustment accomplished in the first two years after the occurrence of a structural shock 20 .
Both the size and the speed of adjustment to disturbances are crucial to the assessment of the feasibility of a currency union. The smaller the size of underlying shocks the easier it will be to maintain a fixed exchange rate, and therefore the stronger the case for a monetary union.
Also, as pointed out by Brito (2004) , if the deviations that follow a shock are quickly eliminated, the costs of forsaking policy independence are bound to be smaller even in situations where countries experience asymmetric shocks and divergent responses to those shocks. Table 2 presents the size of shocks and the speed of adjustment to disturbances. the average size of the three underlying shocks is much larger in ASEAN than in both the Euro-zone countries and the USA. In contrast, the speed of adjustment to shocks is much faster in ASEAN than both the EU and the USA. The explanation seems to point to the fact that the labour market and wage rates are more flexible in ASEAN which makes it easier for these countries to adjust internally to shocks (Bayoumi and Mauro, 2001 ).
The combination of the results from Tables 1 and 2 allows for the clear distinction of a core (formed by Indonesia, Malaysia and Singapore) as they experience smaller and more correlated supply disturbances, and a periphery (formed by Thailand and the Philippines) in ASEAN. These results are in line with most of the previous studies.
Constant Parameter Estimation Results
As mentioned above, the initial values of the state equations are provided by OLS estimation of (1). The results for the full sample period are presented in Table C- 3 of Appendix C and Table C-4 presents the results for the period 1968-1996 and 1999-2004. One immediate conclusion we can make from these two tables is that, in the great majority of cases, the Asian Financial Crisis seems to have increased convergence among ASEAN members, as the β estimates in Table C -3 are lower than those in Table C -4. Furthermore, it is clear in both cases, that the degree of convergence of supply shocks among the ASEAN5 is much higher that the convergence achieved for both monetary and demand shocks. Finally, all the estimated β coefficients measuring the convergence of Singapore with its ASEAN partners (fourth column in Tables C-3 and C-4) are somewhat atypical. In fact, only one out of twelve of the OLS estimated coefficients were found to be significant at the 1% level in Table C -3 with one of them (Singapore-Malaysia) found to be negative. Nevertheless, the 21 Bayoumi and Mauro (2001) found the average size of supply shocks in the Euro-zone for the period 1969-1989 to be 0.031. Since they apply a bivariate analysis, the other results are not comparable.
overall pattern found in both those tables is broadly consistent with the pattern found for shock correlation in the previous section.
Time-Varying Parameter Estimation Results
In this section, the state-space model described in (1) and (2) As expected, the shape over the whole sample period of the estimated β coefficients paths is broadly similar both for the convergence path from country i to country j and from country j to country i, as opposed to the rest of the world. In some cases, however, the trend in some periods is quite different in each case, with the β coefficients attaining values well out of the expected range. The likely reason for this outcome is that the model might not be well specified in some cases and therefore the time-varying constant α is capturing the fact that the difference between country i's shocks and those of the USA vary greatly from the difference between those of country j and the USA 24 . This would suggest that the signal-to-noise ratio should not be set at the same level for all cases, or that the data should be normalised between 0 and 1. That would, however, make comparisons very difficult and therefore, the same constraints are applied in all cases. For the purposes of this paper, the existence of a clear trend is defined only when the same trend can be identified both ways, that is, when the same trend can be found in the convergence (divergence) of country i with country j and simultaneously from country j to country i. -periods, 1968-1979, 1980-1991 and 1992-2004 , the fourth column shows the results for the whole sample period excluding the 1997-1998 Asian Financial Crisis data, and the last column shows the results for the whole sample , and thus including the data for 1997 and 1998. In addition, information on whether the α time-varying estimates were found to be stationary was included in the last two columns.
One immediate conclusion that can be made is that unit root tests on the α timevarying coefficient estimates showed that the hypothesis of a unit root could not be rejected at the 5% level in a large number of cases, especially in the case of monetary shocks. As discussed above, the choice for smooth estimates makes this outcome more likely.
Furthermore, an analysis of Tables C-5 to C-7 of Appendix C, shows that in terms of Monetary Shocks, convergence over the whole sample period was found in the pair Indonesia-Malaysia and in Indonesia-Thailand whilst divergence occurred in the pairs
Philippines-Indonesia and Philippines-Singapore. In terms of demand shocks, the only case of convergence was found in the pair Indonesia-Philippines whilst in the case of supply shocks, no clear trend was found.
When concentrating on the last period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , however, a clearer picture emerges. The evolution of the time-varying estimates of β for this period in comparison with the one that precedes it (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) , for the three types of shocks is presented in Table 3 below. Notes: ▲ = increase from previous period (divergence). ▼ = decrease from previous period (convergence). First symbol indicates the increase or decrease in the convergence of country i to country j while the second indicates the convergence of country j to county i as opposed to the USA. According to the definitions set in this paper, convergence or divergence only occurs in the cases where the symbols are black. Ж = excluding the years 1997 and 1998.
An analysis of 
Concluding Remarks
The present study expands the existing literature by applying a dynamic analysis of the symmetry of shocks in ASEAN. The results yielded a number of important results that complement the Structural VAR analysis of previous studies. First, it showed that in the majority of cases there has been an increase in the degree of convergence of demand shocks in recent years. More importantly, it also showed an increase in divergence in supply shocks for most cases since the beginning of the 90's even when taking into account the Asian Financial Crisis. This is especially true for the periphery countries suggesting that the Philippines and Thailand are not only not converging but actually diverging from the core group comprising Indonesia, Malaysia and Indonesia. Considering that supply shocks are more relevant than both monetary and demand shocks when assessing the feasibility of a monetary union, these results imply that an ASEAN5 wide monetary union should not be attempted without further economic integration. Nevertheless, the evidence also suggests the existence of a core that is in a better position to move faster towards the constitution of a monetary union in the future than the periphery, in what can be perceived as a 'two-speed' monetary integration process 26 .
In this way, several areas of further research can be identified. First, the inclusion of a larger number of ASEAN economies in the analysis would certainly allow us to refine the 26 A two-speed integration process has already been considered in ASEAN but in terms of economic integration. In fact, the October 2003 Bali summit clearly considered the possibility of adopting a so-called "2+x" approach to ASEAN economic integration, in which two countries which are ready to cooperate on specific sectors could work together first, instead of waiting for a consensus to be reached on the global level (or the so-called "ASEAN-x" formula).
conclusions on the desirability (and extent) of ASEAN becoming a currency union. Second, the state-space model and the Kalman filtering method applied in the dynamic analysis require several key assumptions which can significantly alter the results and for which there seems to be no consensus in the current literature about the right procedures. Finally, the study of the causes of the degree of convergence in structural shocks such as the degree of factor mobility across countries or the effect of trade or macroeconomic policy coordination, would almost certainly help explain the reasons behind the fact that some countries appear to have more synchronised business cycles than others and thus complement the results presented in this study. 
where y t , p t and q t represent the logarithm of output, real effective exchange rates and prices, ε LMt , ε ISt and εst independent (LM) monetary, (IS) demand and (S) supply disturbances, and a 11i represents element a 11 in matrix A i .
Since the vector of structural disturbances ε t is unobservable, the system of equations in (3) cannot be estimated directly. Following the Blanchard and Quah (1989) decomposition method, we assume that the estimated residuals of a VAR on the elements of X, e t , are linear representations of the unobservable structural shocks, ε t , so that e t = Cε t .
Estimating this model using a Vector Autoregression (VAR), and letting B represent these estimated coefficients, the estimating equation becomes 
where e t represents the residuals of a regression of lagged values of ∆y t , ∆q t and ∆p t on current values of each in turn, that is, the residuals of the output, exchange rates and price equations, e yt , e qt and e pt , respectively.
To convert this reduced form equation into the structural model, the residuals from the VAR, e t , must be transformed into monetary, demand and supply shocks, ε t .
Following the Blanchard and Quah (1989) decomposition method, it is assumed that the estimated residuals of a VAR on the elements of X, e t , are linear representations of the unobservable structural shocks, ε t , so that (3) and (5) To uniquely identify matrix C in the three by three case described above, nine restrictions have to be imposed to reduce the number of unknown structural parameters to be less than or equal to the number of estimated parameters of the variancecovariance matrix Σ of the innovations e y e q , and e p . It is assumed that the three structural shocks are serially uncorrelated and have a variance-covariance matrix normalized to the identity matrix. In this manner, the orthogonality condition CC'=Σ imposes six non-linear restrictions on the elements of C.
The remaining three (theoretical) necessary restrictions stem from the condition that only supply shocks have permanent effects on output (and therefore the cumulative effect of both ε IS and ε LM shocks on output growth is zero) and that monetary shocks 
and allows the matrix C to be uniquely defined, and the monetary, demand and supply shocks to be (just) identified. 2 1970 1975 1980 1985 1990 1995 2000 Indonesia Malaysia
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Monetary Shocks Demand Shocks Supply Shocks estimates, where y = rejection of hypothesis of a unit root at 5% critical level and n = failure to reject the presence of a unit root at the 5% critical level. The estimations included a trend when a trend was found to be significant at the 5% level. ▲ = increase from previous period (divergence). ▼ = decrease from previous period (convergence). . θ = Result of Dickey-Fuller Unit Root tests on the α time-varying coefficient estimates, where y = rejection of hypothesis of a unit root at 5% critical level and n = failure to reject the presence of a unit root at the 5% critical level. The estimations included a trend when a trend was found to be significant at the 5% level. ▲ = increase from previous period (divergence). ▼ = decrease from previous period (convergence). . θ = Result of Dickey-Fuller Unit Root tests on the α time-varying coefficient estimates, where y = rejection of hypothesis of a unit root at 5% critical level and n = failure to reject the presence of a unit root at the 5% critical level. The estimations included a trend when a trend was found to be significant at the 5% level. ▲ = increase from previous period (divergence). ▼ = decrease from previous period (convergence).
